Abstract-Recently, microgrid has been studied and applied widely all over the world. More and more experimental microgrids are being connected to the utility grid. This paper presents an improvement in the real and reactive power control of three-phase grid-interfaced inverter for microgrid applications. Based on the traditional PI feedback current control, the desirable values of P and Q can be achieved by controlling the currents in d-q stationary frame. Moreover, the feed forward control method also brings some advantages to the systems such as higher reliability and enhanced stability. One of the most important improvements is to decouple the real and reactive power, i.e. P and Q are controlled separately. In this paper, the controller with feedforward algorithm has been simulated and shows some promiscuous results.
INTRODUCTION
Nowadays, as the traditional energy sources like fossil fuels are running out and causing some environmental problems, renewable energy resources have attracted more and more attention. Solar photovoltaic (PV) generates electricity in well over 100 countries and continues to be the fastest growing renewable source in the world. Between 2004 and 2009, grid connected PV capacity increased at an annual average rate of 60% and over this five-year-period, annual growth rates for cumulative wind power capacity averaged 27%. The concept of microgrid, composed of renewable power generators, load, energy storage devices and distribution control unit, was introduced in early 2000s [1] and developed throughout the world in the last decade [2] [3] [4] [5] [6] [7] as an effective means to integrate intermittent renewable power sources in the power grids.
In many microgrids, a three-phase inverter is implemented to transfer active and reactive power between the microgrid and the utility grid. The voltage source converter (VSC) with an output L-type or LCL-type filter is commonly used. The LCL-type filters, though superior in terms of filter size and weight; introduces undesirable high-frequency resonances in the output current. Passive damping of those resonances would cause power losses, whereas the active damping often requires measurement of multiple signals used in a complicated control method. In this paper, the L-type filter is used. The LCL-type filter will be studied in the future.
In general, the methods for three-phase grid-connected inverters are implemented in either stationary domain [8, 9] or synchronous reference domain[1O -13] . The stationary frame can avoid the coupling terms and also the possibility of controlling harmonics, but suffers from the higher order control, more complicated design, sensitivity of the design to the grid frequency [14] , and digital implementation difficulties known for resonant controllers [15] . The great advantage of the synchronous reference method is in mapping the AC variables into DC quantities and thus, it is possible to employ simple PI controllers. A side effect of this transformation is, however, the introduction of mutual coupling terms into the model equations. Conventionally, input decoupling terms are used to decouple the active and reactive power control loops, and simple PI controllers are used.
The suppression of the injected grid current harmonics is an important aspect of the power quality issues [10] . IEEE STD 1547-2009 gives the limitation of the injected grid current harmonics.
The control of active and reactive power has been widely understood and applied in rectifiers, grid-connection inverters of PV fuel cells, and distributed power generation systems [16] [17] [18] [19] [20] . This paper presents the grid-interfacing inverter for a new microgrid with a DC bus [21] . This inverter has these following tasks:
(a) To control the active and reactive power transfer between the microgrid and the utility grid.
(b) To ensure high quality of the injected power.
II. POWER AND REACTIVE POWER CONTROL OF GRID-CONNECTED INVERTER IN MICROGRID
A. Model in the stationary frame and synchronous d-q frame
Figs.l and 2 show the structure of the microgrid and its grid-interfaced inverter studied in this paper. Assume that under the normal condition, using the droop control method within the microgrid, the DC bus voltage of the microgrid can be described as a DC source. A standard three-phase voltage source inverter with an L filter connects the microgrid to the utility grid, where L and R are the inductor and resistor, respectively. In this structure, the microgrid control centre is the most important part of the microgrid, as it will receive all the signals from regional control centre, conditions of power sources, loads and energy storage units. After that, when all the data is collected, the microgrid control centre will determine the operation of each power converter within the microgrid as well as the power and reactive power transfer with the utility grid through the grid-interfacing inverter to meet the load demands or satisfy the needs from the main grid.
According to Fig.2 , the mathematical model in the stationary ABC frame of the three-phase grid-connected inverter is described as: -Sin ( � + �;) (3) .,fi where e=wt + 15 is the angle between the rotating and fixed coordinate system at each time t, and 15 is the initial phase shift of the voltage. Applying this constant power Park transformation to (2), the mathematic model of the interfacing inverter in the d-q frame can be expressed as
',-P'�:��J The active and reactive power then can be controlled by controlling the current in the synchronous rotating d-q frame as described in Fig.3 .
The synchronous d-q frame control has the particular advantage of controlling the active and reactive current directly, which is very convenient to control the active and reactive power. The active and reactive power for a balanced three-phase system can be written in the synchronous d-q frame as follows: With the single-loop feedback PI control, we have a multi variable system with double input and double outputs. The distinctive point of this multi-variable system is the interaction between the variables, which is shown by the decoupling terms of wL in (S). The coupling terms will affect the stabilization, static and dynamic characteristics of the system. Therefore, this paper will present some decoupling method to control the real and reactive power independently.
III. DIFFERENT DECOUPLTNG CURRENT CONTROL SCHEME FOR THE SYNCHRONOUS D-Q FRAME
A. State feedback scheme for the synchronous d-q frame Fig.S shows the addition paths, which can eliminate the effect of the grid voltages to the injected current. The cross effect between the d and q axis components will also be removed. However, in a real time circuit, there is always a difference between the dynamic responses and the regulated currents, which makes this method not ideal. Series feedforward scheme for the synchronous d-q frame Fig.6 describes the idea of series feedforward, which adds a series block H(s) behind the PI current controller to decouple completely the d and q axis components. For this multi variable control system, the "relative gain" concept proposed in [20] can be applied to scale the degree of coupling and decoupling. Suppose y is a row vector containing all included variables Yi and u is a row vector containing all independent variables Uj' the "relative gain" between Uj and Yi can be defmed as
If Aij = 1, it means that there is no interaction between the channel from Uj to Yi and the other channels. Whether the other channels are closed or not, the open-loop gain of the channel from Uj to Yi will not be affected. If Aij = 0, it means that Yi is unaffected by Uj. The greater Aij » 1, the stronger is the coupling between the channels. In Fig.6 , let
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From (5) it can be given that
The relative gain between two input variables id , iq and two output V out d ' V out q will be shown in (11) below 
The system is simulated in the PSIM software, the DC bus voltage is 400V. The grid voltage is 220Vrms line-line, f = 50Hz. p= 5000W at t=Os, 10000W at t =0.165s. Q= OVAR at t=Os, and 5000V AR at t = 0.3s.
As can be seen in Fig.6(a) , with the input are P and Q, the synchronous d-q frame current can be controlled to achieve the desired active and reactive power transfer between microgrid and utility grid. However, when there are changes in active power and reactive power set point, there are also fluctuations in the other variable, which mean there is cross effect between them. Fig.6(b) shows the result of the cross-coupling feedforward. The cross effect between the d-q axes has been reduced significantly but cannot be eliminated perfectly. It can be explained that when building the mathematical model of the system, the frequency is assumed constant, the balance between all phases is secured, and then all the transformation is exactly. However, when there is a change in every voltage of the system, not all the assumption is right anymore, therefore the feedforward has the perfect result.
This result means that the decoupling control method cannot be implied completely in term of dynamic performance and still can be improved.
V.

CONCLUSION
This report presents a new microgrid structure with the grid-connected inverter, which can control the active and reactive power transfer between microgrid and utility grid.
With feedforward schemes, the cross effect between active and reactive power has been greatly reduced, and the injected grid currents caused by the grid voltages are small. Future work will be the study on feedforward with LCL type filter and other decoupling control methods
